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The properties of some substitute bearing alloys
N. J. WADIA and A. S. PRASAD
A BEARING is a means for supporting a load be-tween relatively moving surfaces with as littlefriction as possible .' The plain bearings, used in
the automobile , aircraft and other engineering industries,
consist of two surfaces , the shaft and the hearing, ge-
nerally separated by a film of lubricant . The so-called
bearing alloys utilised for the purpose have to satisfy
some primary requirements such as suitable chemical
make up giving rise to a hard constituent embedded in
a soft matrix , and a certain range of physical ( melting
point , density, thermal conductivity , etc.) and mechani-
cal (hardness , modulus of elasticity , tensile strength,
impact resistance and age-hardening characteristics) pro-
perties . Besides these, certain service properties such
as wear , seizure-resistance , conformability , embedda-
bility corrosion -resistance, etc. are also to be complied
with.
The usual bearing materials of the babbit and the
bearing bronze type contain tin as a primary ingredient.
As tin is a costly and imported material , references2.3 can
be found in the technical literature of substitute bearing
alloys which have little or no tin . Since copper and alu-
minium are indigeneously available and zinc, though
imported , is relatively cheaper in price , they were chosen
for the substitute alloys. An attempt was made in the
present investigation to further develop the copper-zinc-
alunlinium alloy, commercially known as the Alzen3, and
to replace partly or fully tin by aluminium and/or zinc
in the conventional bearing bronzes.
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I Efect of variations in the copper content of the Alzen type Cu-
Zn-Al alloys on the tertyi!c ond hardness at various levels of Al
Content
Preparation of the alloys
Element
The experimental hearing alloys were prepared in the Effi-
Cu Zn Al Sri Ni Sb Mn Cr Pb P
Nernst-Tamman carbon - resistance furnace by employing ciency,°; 100
a suitable melting and alloying technique depending on
the melting points of the constituents alloyed. The low
temperature melting alloys were covered with a layer
of flux skimmings , which was found to be highly suit-
able by trial and is readily available from the galvanis-
ing plant , while the higher temperature melting alloys
were melted under it cover of graphite powder to pre-
vent oxidation losses . The melting efficiencies taken for
the various elements used in the preparation of the
alloys are given in the next column.
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The molten alloys after thorough mixing with it graphite
rod were cast into cylindrical bars in graphite moulds.
The bars having requisite dimensions were turned into
lzod and tensile test-pieces. Samples for hardness mea-
surements, heat treatment for age-hardening studies,
drillings for chemical analysis and specimens for micro-
polishing were also cut from the bars cast.
For determining the age-hardening behaviour, the
samples of zinc-base and aluminium-base alloys were
solution treated at 400-C for 30 min. and water-quenched.
Similarly, the copper-base alloys were treated at 800°C.
The progressive age-hardening characteristics were stu-
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died at 100 , 150, and 250°C for 6, 12 and IS hr.
respectively.
Results and discussions
For the sake of clarity and brevity, the results of the
investigation have been divided and discussed in the
following six groups :
1. Copper- uric-aluminum tin-free alloys.
2. Aluminium and aluminium -iron additions to
70 : 30 -0c brass.
3. Zinc-base alloys.
4. Aluminium-base alloys.
5. Copper-base alloys.
6. Part and full replacement of tin in standard
bearing bronzes by aluminium and/or zinc.
(i) ('upper-ziiiic-alunriniui;i tin free alloys
The basis for the development of copper-zinc-alumi-
nium tin-free bearing alloys was the patented Alzen
3053, which was claimed to give desirable bearing pro-
perties. It was reported to contain 30-400 aluminium,
5-1001, copper and the balance zinc. Some of the
physical and mechanical properties of the alloy mention-
ed were : specific gravity 4.80, yield strength 15 tons
sq. in., tensile strength of 20 tons/sq. in. minimum,
elongation 2°„ minimum and Brinell hardness 100-150.
Similar alloys having aluminium from 30 to 45°0.
copper from 1.5 to 1011x, and the remainder zinc were
made and the relevant physical and mechanical tests
carried out are shown in Table I. It can be seen from
the table that for the eleven alloys investigated the
densities and the hardness are all comparable to the
Alzen 305 alloys mentioned earlier while the tensile
strength is of a slightly lower order. The effect of
variation in copper content from 2 to 10" at various
levels (40, 35 and 30°-0) of aluminium on the hardness
and tensile strength of the Cu-Zn-Al alloys is shown
in Fig. 1. This graph shows that the hardness has a
tendency to increase with increase in copper content
and also the level of' hardness is somewhat higher at
higher aluminium percentages. The tensile strength,
however, only shows the former trend but the lower
level of tensile values for the 400,% aluminium alloys
indicates that these sets of alloys are amenable to age-
hardening. The percentage elongation obtained for all
these alloys is of a lower order. All these alloys have
been found to have a duplex micro- structure . But they
show poor Izod impact strength. This would restrict
their use to hearing applications where impact loading
is not an important service factor.
In order to obtain a certain level of toughness, other
alloying elements such as nickel, manganese , chromium,
iron, tin , antimony and misch-metal were added to
Cu-Zn-Al alloys. The resulting physical and mechanical
properties are tabulated in Table 11. In this connection
FiQ_ 2 reveals that increasing additions of nickel,
manganese , chromium and iron to the Alzen, (50„
Cu, 350x) Al, balance Zn) alloys increase the hard
ness, whereas additions of tin, misch- metal and anti-
TABLE I Physical , chemical and mechanical properties of Cu-Zn-Al Alzen type of bearing alloys
Chemical composition %
St. No_ Cu Zn Al
E, 2.00 68.00 30'00
E, 2.00 58.00 40.00
Es 2-00 61.00 35-00
E, 3-44 64.40 32.00
E, 4.64 64'32 30'84
F, 5.52 57.86 35'55
E ; 5.00 64.48 30.64
Ee 5'36 53.80 40-40
E, 5'68 59'42 34'70
E1° 6.40 57.23 34.75
E „ 8'40 47.17 43'75
Density Tensile Elong. Izod
gm 'c.c. B. H. N. tons/sq. in. % ft.-lb
4.45 96-0 13-5 l'56
4.39 I04.0 12-3
4.68 100.0 14'8
3.59 96-3 14.3 104
4.93 98.0 16-6 1-04
4.66 100'0 15'7 104
5.06 100.0 19.7 1'04
3.47 104'0 102 1.04
4-47 104.0 16-1 1'04
4.98 100.3 14-0 1'04
4.47 1215 1 - I 1.04
321
Wadia and Prasad . The properties of same seehstiteue hearing alloys
140
Ni Mn Cr Fe Sri Sb MISCH METAL Pb
ISR
AT
5%
120
0
TO 0
5 5
rFRCGN ,AC[! ALLOY d,DCdTIO;-ls
2 Effect of alloy additions to the Alzen type (5°cCu) bearing alloys ore the hardness
TABLE, 11 Physical. mechanical and chemical properlies of the Alzen type alloys haling Minor additions of other alluyiii elements
Chemical composition o°
Tensile °
1 Other alloying Density tern, Izud Elonga-
SI. No. Cu Zn Al elements gm'cc Is III N. sy. in ft. Ih rinn
E11 5.90 56,10 36.30 Sn = 1.68 4.42 92'6
Ela 5 '00 4500 45'00 Sn =5.00 375 63'4 11 80 1-56
E1. 4-60 64.50 28-00 Ni = 1.10 4.73 10 9 )) -
Pb -0-93
Fe -0 80 -
E15 5 '00 58-00 35.00 Ni =2.00 -1'76 1114,0
E„ 5'00 53'00 3500 Ni =5-00 438 1580
E17 5'00 5800 35'00 Mn =-2'00 4'58 1200
Elm 5.00 58'00 3500 Mn -1.50 4.69 1114.0
Ely 4.69 56-30 3650 Mn -1-51 4.48 1300
Es„ 5.00 59'011 35.001 Cr = 1'00 4'47 104u
Ell 5 .00 5800 35.00 Misch
metal =2'00 4'45 S90
E as 6'00 54-00 3600 Fe =4'00 4'45 1400
Eaa 5.00 58-00 35.00 SIB - 2'00 4.41 74.1
E" 5'00 5950 35-00 \1ich 4-56 112.0
metal =1.00
E s, 5.00 53'00 3500 Fe =2'00 4'47 1090 6-25
Ni =2'00
Sn =2'00
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mony lower the hardness . The base hardness ( 96 B.H.N.)
is indicated in the figure with a dotted line. Here also
the alloys do not show any . Izod impact value and ,
therefore, they fall into the same category of the Cu-
-Al alloys discussed earlier.Z n
Keeping in view the Alzen type Cu - Zn-AI alloy,
containing 5°„ copper , the hardness and other mechani-
cal properties were studied by' varying the aluminium
content . The results are given in Table III. Even in
140
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TABLI•: III Phsical and mechanical properties and chemical
position of Cu-Zn Al (5% C'u), alloyscom
SI .
No.
Chemical composition°.,
Density Iod
Cu Zn Al gtncc. BINit. Ib
Et6 500 650 88 50 279 76 8 05
500 1 1 50 83 50 3 05 96 3 0
5 00 2140 7360 2 83 00 0 0
E2 500 3190 63.10 343 1300 (1
5(x1 4130 5370 375 130(1 (1
E„
E,_
500
500
48 80
5100
4620
44 0(1
400
406
1190
926 U
E 500 61 00 3400 450 926
1 5 00 71 00 2-330 482 71 0 0
E35 500 8080 14 20 678 76' 8 025
TABLE I' aluminium additions in 70 30 brass
bCJ0 TO 40 80 IOO
.ALUMINIUM %o
3 E)Ject of the aluntinitrnr content on the hard,,es+ of the Alzen
it pe 5% Cu alloy^s
this case the Izod irnpact values were quite negligible.
However, the hardness (B. H. N.) was seen to bear a
tangible relationship with the variations in aluminium
content as shown in Fig. 3. The hardness increases
linearly with increase in aluminium content up to about
60°o after which it decreases linearly. The two regres-
sion lines, corresponding to 0-60% AI and 60-100% AI
and having co-relation co-etlicients of 0 89 and 0'95
respectively, meet to give a maximum hardness value of
129 B.I-1.N. at 58'5% AI.
(2) Aluminium and aluminium-iron additions to
brass70:30
It is well known that the single phase 70 : 30 x brass
Chemical composition°,
Sl Densit Tensile Elongation Izod.
No. Cu Zn Al gm?cc B.II.N. tonslsq . in. "^ ft. ib
6860 29 94 110 820 8911 26.10 7' 80 12'0
Br 6860 2940 200 7 79 109'0 150
B3 6560 2955 313 824 109'0 25 60 20'30 17 4
B 67 20 2880 400 786 1190 -- - 1'0
B; 6580 2870 550 746 Brittle - - Brittle
6440 2766 800 728 Brittle - - Brittle
63 2700 702 Brittle - -- Brittle
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4 EfJe c l of tdutninium additions on the hardness and Trod of
70 : 30 K hrass
is a tough and ductile material with medium strength.
To convert this alloy into one having a duplex micro-
structure at the same time having a reasonable degree
of hardness and impact-resistance, additions of alumi-
minium and aluminium-iron were tried in stages.
Progressive additions of aluminium in the alloy had
a hardening effect and beyond 5.5% addition, the alloys
produced were rendered brittle (Table IV). The Izod
impact value was found to increase with increase in
aluminium content up to a value of 17'4 ft-lb at 3-13%1,)
Al. This suddenly dropped down to 1.0 ft-lb for 3.400,,
Al in the alloy. The age-hardening behaviour of the
alloys B,, B, and B4, which show some impact resis-
tance, have been plotted in Fig. 5. All these alloys
show a definite tendency of age-hardening and also
show a duplex microstructure. This indicates that even
an addition of 1.101,%% Al to the single phase 70 : 30
TABLE. V Aluminium -iron additions in 70 : 30 ^( brass
SI
Chemical composition
-
No. C tl Zn Al Fe
B. 61'40 2951 6.78 1 83
It., 58'40 2831 6'68 3.84
BI., 67'00 26'011 31(x1 4'40
N S
U
V
p
5 Ake lunrdenittt charat teristic% 01 B, B3 and B, allots
-C brass changes it into
hard constituents.
a duplex allu' having soft and
As the aluminium additions over 5.5°o rendered the
alloys brittle. it was thought to add aluminium and iron
together to the 70 : 30 -K hrass. The results of adding
3 to 7E;,, aluminium and 1'213", 31'c-l"1', and 4'4011/0 iron
are shown in Table V. The Izod impact strength im-
proved with increasing additions and susceptibi-
lity to age-hardening was observed in all these
alloys.
Thus it can be seen that the addition of aluminium
and aluminium -iron to 70 : 30 x hrass does produce
alloys with primary properties of bearing materials.
But taking into consideration that the hardness and
toughness are at a reasonable level. the alloys Bt,
B,, B, and Bs can be recommended as bearing
materials.
Tensile
Densits tons nd
gm/cc. B.H.N. M,
8 16
7'601
8116
1300
1581)
1090
I: It'll 6. Izod
11. I b
5-84
11 25
11-53
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(3) Zinc-base alloys
Mention has been made in literature on bearing mate-
rials of some zinc-base alloys= containing mainly copper
and aluminium. Keeping this in view, some zinc-base
alloys having copper I to 10'/'U, aluminium 2.0 to
47.5°,x, and the balance zinc were prepared. Some
of the mechanical and physical properties of these
alloys are given in Table V1. From the table, it appears
that the hardness of these alloys fall within reasonable
limits, but most of the alloys do not show any lzod
impact resistance except Z14, Z15, Z17 and ZI8 alloys.
Though these four alloys show a duplex micro-structure,
they do not seem to show any age-hardening behaviour
as can be seen from Fig. 6, Even minor additions of
Sri, Ni, Mn and Fe did not improve their Izod-impact
resistance. Apart from this, the Brinell hardness decreases
with increasing Zn-content (Fig. 7).
Among the zinc -base alloys discussed, alloys Z„ and
Z, satisfy the primary requirements of bearing mate-
rials. But their application is restricted only to a
bearing set up where continuous lubrication and heat-
dissipation are possible since they progressively soften
with rise in temperature.
(4) Ahur)i)► iurn-hose alloys
Aluminium alloys,4 with mechanical and physical charac-
teristics specially adapted to meet the requirements of
modern high-duty bearing service, are of rather recent
7 Sil 1. VI Chemir•al Compositions and physical aid mechanical tproperlics of ini - base expeiimen ! al bearing alloys
Chemical composition °,,,
Density Izod
St. No. Cu 7n A I Other elements gilt cc. B.1I N. ft. 11)
7, 5.00 45.00 45'00 Sn --500 3.75 62.5 0
Z1 5.00 47.50 4750 4.00 1[2-0 0
Z.. 5 . 00 5000 45.00 406 92'6 Brittle
Z, 5.00 53.00 35.00 Ni -500 4.38 10010 Brittle
Z-3 500 5400 35.00 Ni =2.00 4.47 104'0 0
Fe =2.00
Sri = 2.00
Z 4 600 :400 3600 Fe =4'00 4.45 1090 Brittle
Z, 500 60.00 3500 4.50 941 0
T 23.00 70.00 3.00 Fe =4.00 7-45 143'0 Brittle.,
7. 5100 70'00 25'00 4'82 85 0 0,
L,,, 2,00 8000 18.00 5.36 1000 0
Z 5.00 8000 15-1 0 6.78 69.5 0„
Z12 [0.00 8500 500 6'80 104-0 0
Z's 1G•00 8800 2.00 7.18 960 u
Z14 2.00 90'00 5.00 Mn = 1.25 6,57 85 7 0'50Ni = 1.25
Z,6 500 90'00 5.00 6.98 10110 0.25
ZIG 1 •00 90 CO 9100 6.34 94.5 0
Z 1.00 92.50 4.00 Mn -1'25 6,77 92'6 1.50„
Ni =1.25
71., 100 95'00 4-00 6.78 741
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TABLE Vii Physical and mechanical properties of Al -base alloys
90 +0 C3
Chemical composition%
Tensile
SI. No. Cu Zn Al
Other Density
elements gm)cc. B.H.N.
tons'
sq. in.
Hong.
o,
Izod
ft. lb
A, 5.0 41-3 53.7 - 3 - 75 130 0
A2 5.0 31.9 611 - 3.43 130
A3 5,0 21-4 73*6 2.83 100 0
A., 5.0 11.5 83.5 - 3.05 96.3 0
A; 5`6 4.5 88'5 - 2'79 768 - - 05
A - 6.9 90.4 Mg =1'50 2'70 67.8 - 0
A 2.0 510 9010 Fe = 1.50 3.03 79.6 9'6 1.56 0
Ni =1.50
A, 1.77 - 91.6 Mn =0'45 2-84 47-5 3.0
Sri =4.22
Ni -0.63
Mg =1'46
A„ - - 92,8 Mn =0.80 2-86 5010 2.5
Sri =4.27
Ni =1.04
Sb =0.68
Si =0.47
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TABLE N i l i Physical and mechanical properties of copper -base standard and experimental bearing alloys
Chemical composition'
Density Tensile Elong. Micro-hardness V.P.N.
SI. Orthcr alloying gin cc. lzod tonsi % - ----
No. Cu Zn Al elements B.H.N. ft. Ib sd. in. Soft Hard
C, 56'00 33.52 5.54 Mn 2.12 7.29 143 -. 2023 310.0
Fe 3.20
C2 56.40 36'4( 131) 1'20 8.46 100 3.00 - -- 1183 145,4
Si 0.89
C, 57'00 32.26 5.83 Fe 1.20 8.07 143 2'70 - 1972 213-1
Mn 3.30
C 5800 31.15 6-36 N i 1.57 8'08 143 0.50 27-15 - 197-2 237-4
Mn 2.50
Si 0'37
C, 58-04 33.74 2-06 Pb 3-30 8.31 130 1132
Fe 050
Ni 1.71
Mn 0.07
C,; 58-26 3730 0-85 Pb 166 N, .29 127 2.25 - - 174-4 192-3
Fe 0'40
M n 0.48
Si 1.02
C, 58-28 26.73 3-78 Pb 2'54 819 119 3-50 26'80 1'56 115-6 160-4
Sn 0.08
Ni 4.19
C8 62-50 29'00 2'00 Pb 1-50 8-20 158 l -45 - - 174.4 237-4
Fe 3.00
Mn 2'00
C, 62.56 26'23 5-32 Fe 2.30 7'91 158 1-70 - - 162-6 244-1
Mn 3.62
CIO 6300 2700 10.00 - 7-02 - Brittle - - --
C 64.40 27-60 8-00 - 7 28 - Brittle - - - -12
CI2 65-00 26.011 5.00 Fe 4-00 7.60 143 I1'25 - - 211 0 233-7
C12 65.60 29.55 3-13 - 8'24 109 17.40 25.60 20-30 85.5 99.8
C14 65.80 28'20 6'00 - 7'46 - Brittle - - - -
CI S 65-90 23-50 5-14 Fe 4'40 8.20 85-7 181)0 27-60 10-94 8010 91.5
Cis 67.00 26.00 5-00 Fe 2.00 8.16 130 5.84 - - 94.7 101-7
C17 67-20 2880 4.00 - 7.86 119 1.00 - - - -
Cis 68'29 25-92 0.76 Ph 0.48 8.03 136 5-00 26-70 6.25 113.4 145.4Fe 1.02
Mn 3-32
C19 68-60 29.40 2-00 - 8-24 119 15.00 25 60 20.30 85.5 998
C28 68-60 29'94 1.10 Ph 0.28 8.20 8910 12.00 26-10 7.80 86-9 101-7
C21 75'00 5.00 15.00 Pb 5.00 8.15 -- Brittle - - - -- -
C„ 84.40 2.90 10.33 Pb 1100 7.51 158 0.50 - - 237-4 284'2
C,, 85.00 - 5.00 Sn 5.00 8100 74.1 0.75 8515 136'4
Pb 5'00
C28 87'60 10.10 Fe 2'00 7'58 109 13.87 - -- 147-9 209'7
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origin. But the alloys commercially reported contain an
appreciable amount of tin. As the present investigation
was based on obtaining alloys with little or no tin, the
aluminium-base alloys tried contained from 0 to' 6%
copper, 4-51, to 460°„ zinc and the balance aluminium
(Table VII). A striking relationship was found between
the hardness (13. H. N.) and the aluminium content as
indicated in Fig. S. The regression line, showing a
decrease in hardness with increasing percentage of
aluminium, had a co-relation co-efficient of 0.92. The
tensile strength showed a slight drop with increase of
aluminium. Even in this case most of the alloys did not
show any lzod impact value except the two standard
Rolls Royce alloys A8 and A9, which contained tin and
some other minor alloying elements, and the AI-Zn-Cu
alloy AS.
In all these Al base alloys, the alloy A5, of composi-
tion 88.51(, Al, 5'6% Cu, 4 5% Zn and having density
2.79 gnm,cc. hardness 76.8 B.H.N., Izod-impact 0'5 ft
lb and the difference of 52.5 V.F.N. in hard and ,oft
micro-constituents, is the only alloy which could possibly
be used as a bearing material.
(5) Copper-base allays
Initially, some standard Cu- base bearing alloys , Cl, C2,
C3, C6, C9 and C24. found in the alloy digest were
made. The chemical compositions and the test -results
are given in Table VIII. It can be seen that the hardness
(B. H.N.) of these alloys were of a higher order, viz.,
100 158 13.H.N., and the lzod impact values ranged
from 1 70 to 13-85 fti' Ib. Some variations in the minor
G a - 4111-C 4 1
-0
c 22
CI D
Coo
C15
C6
C7
X17 C19
C 13- C24ob
ce
2
23•
0
n
8
O
70 90
C4 •
C7
GI.)
Cis
0130 C.19
ry
ry
50 70
ALUMINIUM, !°
8 Effect of lariation in alrarrinirurr content of the alrurrinium-
base a11or-s on the hardht.s,
elements were tried to bring down the hardness and to
improve the impact resistance in most of these alloys.
Only in few cases where On and lead were added and
also aluminium percentage '. as decreased, the hardness
( Fig. 9 came down and the Izod impact improved
slightly. The effect of variation in copper content in
these alloys was studied and it was found (Fig. 9) that
0
0
0
PI
J
0,
O
N
0
11C130
C19
r 2 a
C 24.
20
C4l• C8• 17 - 422 C 3
O
90 so 70 90
Ct)PPF R IN CO PPEP BA SF ALtOYS) 010
9 Erect of variation in copper of copper-base alloys on the hardness, tensile and Izod-impact values
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the tensile strength as well as the hardness depended
only on the other alloying elements such as nickel, iron
and manganese. The Izod impact values varied from
0 to 18 ft - lb and the elongation of 20 °o maximum
was obtained . Most of the alloys showed a duplex
micro-structure having a difference of 7 to 63 V.P.N.
in the hardness of soft and hard micro-constituents
(Table VIII). In Fig . 10. the age-hardening characteristics
of the copper-base standard alloys have been plotted to
serve os a basis for comparison s\ ith the experimental
allu^s. The age - hardening curves for alloys ('12, C16,
C'I7, C22 and ('23 are drawn in Fig. I la. Although all
these alloys show age-hardening tendencies , a striking
behaviour was observed in the case of the alloy C17,
which reaches a maximum hardness of 158 B.H.N.
on being treated at 250 C for 6 hours . The as-cast
hardness of this alloy was 119 B.H.N . which came
down to 109 B.H.N. after s olution treatment . Fig. IIh
represents the age-hardening characteristics of alloys
C4, C'7, C13. C15, Cl8 and C20. It is clear from the
figure that all these alloys show a marked age-hardening
characteristics . The maximum hardness is achieved after
treatment at 250 C for over six hours.
From the above discussion it can be concluded that
the copper-base alloys C4, C7, C'13, C15, C17, CI8
and (' 20 satisfy all the primary requisites of bearing
materials. The applicability of a bearing material
depends to a great extent on the hardness - level required
of a hearing set-up. These alloys can he suitably used
in the hardness range of 80 to 150 B.H.N. The range
of chemical composition for these alloys is given below :
Element Min.,°o
Cu 58'20
Zn 23.04
Al 076
Ni 1'75
Mn 2.25
Fe 1.20
Ph 0'28
TABLE IX Chemical composition and physical, mechanical properties of tin-bearing standard bearing alloys
Chemical composition %
no. Cu Zn Al
TS1 60 ' 20 3.1'62 3'52
TS2 83' 03 412 -
TS3 82'20 6 -26 -
TS4 8902 - -
TS5 86.70
TS6 88.40
Other
I
O
Density
Sn elements gm!cc. R.H.N.
4'08 Ni 1,55 8'67
Pb 2.72
10'00 Pb 1'60 6-11
5,52 Pb 5-80 8.91
6.88 Pb 2.89 8-56
Ni 1'25
P 0.116
9.50 Pb 1 .40 8.80
Ni 2'45
P 0120
9 60 P (1.120 8-67
109
57-5
69.1
64.6
76.8
75.6
Tensile
tons Elong. Izod
sq. in. °,. ft. Ib
2560 2 '03 0-20
2.75
8.75
19 '92 1410 10'25
1700 4.70 15.00
20-32 7-87 4'50
Mus.,%
6864)
31.60
5.14
4.19
3.32
4A0
2'75
M icro-Hardness
V.-N.
Soft Hard
118'3 162.6
130.8 1486
82.7 1230
70'9 121'6
96'4 1554
9919 136'4
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(6) Part atxl lull replaed'tuent of tin in sonic standard
bearing bronzes by alunnniunr awl'or zinc
In the persuit for cheaper hearing alloys it was decided
also to modify some of the conventional tin hearing
bronzes by replacing the tin by less costly materials
like aluminium and or zinc. The chemical composition
and the properties of the standard alloys. TSI, TS2,
TS3. TS4, TS5. TSb already in service as bearings, are
entered in Table IX to serve as a basis for comparison
with replacement alloys subsequently prepared.
To facilitate discussion this part of the investigation
is further subdivided as follows :
(a) Part and full replacement by alununiurn.
(b) Part and full replacement by zinc.
(c) Combined replacement by aluminium and zinc.
(6a) Part and full replacement hr altatriaitan
To see the effect of replacement, the tin in the standard
alloys, mentioned earlier , was replaced by aluminium
in two stages . In the first stage the tin was replaced
partly by aluminium . The chemical composition and the
physical and mechanical properties of the alloys so
produced, viz. TA2, TA4, TA6, TA9 and TA I2 arc
(m)
entered in Table X. He. 12 depicting the change in
mechanical properties of standard and the replaced
alloys. reveals that hardness has a definite tendency to
increase in four out of the Lice alloy, in which part
replacement was attempted. The decrease in hardness
observed in case of the lift Ii allo\ TA4 (replacement
of TS3 ). is probabl} due to its high lead content. The
tensile curves mostly follow a similar pattern as hardens,
while the Izod impact and percentage elongation generally
show the re\erse tendency as e.xpecled.
The second stage consisted of full replacement of
tin by aluminium.. The trend of increase in hardness
was found to continue in the same Live alloy,, mentioned
above. while the sixth alloy showed a further decrease
in hardness. In all these replaced alloy., the hardness
value, even with fu lI replacement. remained within
reasonable limit (viz. below IOU 13.11. N. except in the
case of alloy TS5 in which, according to this criterion,
only up to 75"„ replacement is permissible. The
other mechanical properties such as tensile strength,
elongation and Izod impact strength were quite satisfac-
tory. All the replaced alloys Showed a duplex micro-
structure with a difference of micro-hardness of the
soft and hard constituents ranging from X to 55.0 V.P.N.
which is comparable to 18'6 to 59.0 V.P.N. of the
standard alloys. The age hardening beha\iour of both
standard and replaced alloys are depicted in Figs. 13
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TABLE X Chemical compositions, physical and mechanical properties of aluminium-replaced bearing alloys
Chemical composition',;,
O h
Re-
l i
Tensile
Micro-hardness
V.P.N.
Sl.
no. Cu Zn Al Sn
t er
elements
P ace-
meat
tyDens
gm cc. H.H.N.
Izod
ft. Ib.
tons;
sq. in
Flong.
'•/ Soft Hard
TAI 62-00 30.00 4.00 Pb 2.50 1000 8'03 1580 1'00 32.50 1'56
Ni 1'50
TA2 85'13 4'91 5.02 4-09 Pb 0'76 59-1 8-30 74.1 4-00 14'55 4-70 111-6 14-45
TA3 86-04 4-50 8'12 - Pb 1.18 100-0 7-78 92'6 950 26'76 4-70 85-5 109-5
TA4 83'50 4-10 2-74 2.56 Pb 5-10 53'7 8'50 56-8 7-50 13'40 15-60 73-9 98'4
TA5 85'20 4-07 6.03 - Pb 440 10010 8-31 43-6 15'00 12 35 25'00 54.0 107-5
tA6 89.06 - 3.60 3.16 Pb 1'40 54-1 7-97 62-5 7-80 6-84 4'70 41,1 85.5
Ni 0.94
P 0-144
TA7 90.44 - 5.38 - Pb 3-04 100-0 851 56.9 11.80 16.20 10-93 55.4 80.0
Ni 0-75
P 0152
TA8 85'50 - 8.33 -- Pb 3-40 10010 8'07 60-5 7-35 1305 9'40 82.1 970
M n 0.33
P 0-138
TA9 85.10 - 5-25 5-25 Pb 1'25 44-8 815 79-6 3-24 16-42 6-25 1 16.0 142'3
Ni 3.00
P 0'15
TAII) 85.10 1(1.50 Ph 1.25 I00'0 7-58 150-0 1.15 3240 1-56 166-4 174.4
Ni 3'00
P 0115
TA II 85'10 10 , 50 Pb 125 1000 7.47 143.0 1 05 25'50 3'15 123'0 178-6
Mn 3-00
P 0' 15
1 A f2 9076 - 3.40 525 P 009 -l4 zs 8-13 95-6 2-75 14.08 3'13 64.1 96-4
a) to (f). From these ligures it is obvious that both
the partly and fully replaced alloys show marked age-
hardening characteristics which are seen to be more
striking in case of the fully replaced alloys. The harden-
ing effect of aluminium which had been mentioned
previously is seen to be more pronounced after treat-
ment.
The standard alloys TS4 and TS5 contained nickel.
This was replaced by the same amount of manganese
and at the same time tin in the alloys was fully
replaced by aluniiniurn. The effect of the replacement
of nickel by manganese in the fully aluminium replaced
alloys is to decrease the hardness (B. H. N.), tensile
strength and the Izod impact value as can be seen in
Table 10 for alloys TA7, TA8 TAIO and TAII.
(6b) Part and full replacement by zinc
The replacement of tin by zinc was done in a similar
way as for aluminium. In this case the replacement was
attempted only for the three standard alloys TS4. TS5 and
TS6. The results of the physical and mechanical tests for
part and full replacements are given in Table XT. The
range invariation of the various mechanical properties
obtained are given below
Properties
Hardness
Izod impact
Tensile strength
Elongation
Micro-hardness
Soft
Hard
Difference
Range
48-9- -76- 8 B.H.N.
1.5 -15.0 ft.-lb
12-7- -20.32 tons/sq. in.
4.09-23.40 per cent
36.0-99.0 V.P.N.
80'6-183.0 V.P.N.
17.6-112.8 V.P.N.
331
Wadia and Prasad : The properties of some suhstirulr haariny also}'s
0
0
N
0
CO
0
V
g
2
O
0
C)
TAI
T51
T A-
/-T
3
1-5-5- --
TA 9
-
---
T56 TA2
Ts3
T4 A5 TA
Ts2 A4
^-^
1 AS-
T$-,
Ts 6
T5 5 TA
7A12
YA 4
TA2
'CA
+4) 40 ho 100
At UMINIUM REPLACEMENT, -to
12 Effect of Al-replacement on the hardness, Izod, tensile and elongation of the Al-repluced bearing alloys
The hardness, Izod, tensile and elongation values
versus the percentage replacement of tin by zinc have
been plotted in Fig. 14. Reference to the figure shows
that the hardness has a tendency to decrease with
increasing replacement. In the case of TS4, this decrease
is slight, whereas for TS5 and TS6, it is considerable.
On the other hand, the Izod impact values for TS5 and
TS6 increase with increase in replacement but TS4
shows a decrease. The part replacement of tin by zinc
tends to decrease the tensile strength with a tendency
to regain on full replacement.
The age-hardeding characteristic Curves for all these
zinc-replaced alloys are plotted in Figs. 15(a) to (c)
along with the corresponding standard alloys. From
the figure, the replaced alloys TZI. TZ3, TZ5, TZ6
and TZS distinguish themselves as showing marked
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'T'ABLE XI Chemical composition , physical and mechanical properties of fully and partly zinc-replaced bearing alloys
Chemical composition', %,Re- Tensile
Micro-hardness
V.P.N.
SI Oth pl itD I d t Fl.
no.
-
Cu Zn Al
---
Sn
er
elements
ace-
meet
yens
gnt'cc. B.H.N.
zu
ft. lb
uns!
sq. in.
ung.
% Soft Hard
TZI 86.80 3'21 3'63 Pb 4'90 44 20 8'88 60.5 8 00 15.95 10 93 86 1 155'6
Ni 0.94
P 0126
TZ2 88.85 6.50 Pb 3.50 100 00 8.94 62.5 6.75 16.17 12 50 98'3 121'7
Ni 1'00
P 0 15
TZ3 86' 10 6.25 3' 15 Pb 3 37 5160 8 83 76.5 1450 18'96 12'50 68' 1 80' 6
Ni 0.98
P 015
T74 86.10 625 - .3'15 Pb 3'37 5160 8'91 69'5 920 18'05 1720 6f 5 863
Mn 098
T75 84'50 5' 10 -- 3'46 P 0.15
Pb 210 67.00 8'63 69• I 10'25 13'40 6.25 36'0 1 16'0
Ni 2.82
TZ6 8510 1050 P 0'132
Pb 125 100'00 8'87 48'9 15 00 I7 30 2340 70'8 115 6
Ni 3'00
TZ7 8175 9 00 -- 5.02 P 0'15
Pb 123 52.20 8.46 72'5 II'30 18'20 1250 85.5 113.8
Ni 2.85
TZ8 80'00 11'14 - 4.00 P 0.15
Pb 1'50 61.90 . 8'46 76.5 6'35 12 72 4.69 940 1116
Mn 2.30
TZ9 86'03 8'64 - 4'37 P 0144
TZIO 8786 4 50 - 5`65 P 0112 5630 8.86 69'5 15.00 1624 1295 89' 3 Ill•5
Ph 2.70 43.50 8.77 69' 1 11'00 22.50 12.00 702 183.0
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AL6. produced by replacement 0f tin fully by aluminium
and zinc in the commercial bearing bronzes, hold out
great promise as materials for the fabrication of bear-
ings for various engineering industries.
The micro-photographs of some useful experimental
bearing alloys are shown in Figs. 17 and 18. The duplex
structure is clearly visible after etching with a standard
solution of ferric chloride,
336
`.,11 111 111 8 1
l a. The Alzen type of Cu-Zn-Al alloys investigated
showed a duplex micro-structure consisting of a
hard ternart eutectic of copper- aluminium-zinc
in a relatively soft matrix of zinc- aluminium.
They do not show any 17od impact strength . These
alloys may be used in bearing applications where
nJ W
7S cc
a i
T
150 *C 250°C r00 °C '5O°C
(C) (d)
13 c). (a' Age hardening clrurecteristics of .41-replaced oil,
'rABLF: XII ( hentical composition ., physical and mechanical properties of AI-7111-replai'emecll bearing alloys
x
7 50°C
a
m
\I icro-hardness
Si
Chemical composition';,
--- - Other
%Re-
lac n itt) I d
Tensile
t I l
V.P.N.
.
no. Cu Zn Al Sn elements
p e-
ment
c s s
gmlcc . B.H.N.
zo
rt. II>
ons
vq . in.
ong.
Soft Ilard
AZI 86-10 6.25 3.12 Ni 098 100(1 8'35 69 ' 8 6-30 11'48 8'6)) ? I.1 97.4
Pb 3.40
1' 11-15
AZ2 86 1 0 6-25 3 - 12 - Mn 0.18 1000 8.36 66 .5 8.16 12.52 7181 75-I 82-7
Ph 3'40
P Il' 15
A71 81. 75 9 02 5 4)2 N i 2-85 100'0 8.03 82 .9 1()^-() 21'35 II 70 s11.5 118-3
Pb 1.23
P 01 15
A74 78.110 10-90 6-70 Mn 1'91) 1000 8'01 84 '9 12-7i 19.24 14 1 S i !19 . 9 1113.6
Pb 1'26
P 1.136
AL5 84'01) 10'70 5' 05 - P 0164 1000 8-12 63'7 23'00 16'56 14'85 88'4 11)I',
A76 86- 56 5-35 5 . 80 - Ph 2'50 10010 3'09 55-I 34'1)0 16.35 70' 31) 8i4 111.6
N . N
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13 (e), (f) Age hardening characteristics of Al-replaced alloys
age-hardening behaviour. All these alloys have shown
duplex micro- structure.
(6c) Combined replacement by aluminium and zinc
As observed earlier, the hardness of the replaced alloys
increases when aluminium is used for replacement while
it decreases with zinc used for replacement. So in order
to keep the hardness within reasonable limits, it was
decided to replace the tin of the standard alloys partly
by aluminium and partly by zinc. The results of the
physical and mechanical properties obtained after this
replacement in the standard alloys TS4, TS5 and TS6 are
entered in Table XII_ In all these alloys, half of the
tin content was replaced by approximately equal amount
of aluminium while the other half was replaced by
double amount of zinc.-' In the two standard alloys
TS4 and TS5, the nickel in the original alloys has also
been replaced by manganese, while in the case of the
standard alloy TS6, a replacement alloy AZ6 with equal
replacement by aluminium and zinc has also been tried.
The lower tin alloy TS4 shows a slight increase in
hardness with some decrease in Izod impact, tensile
strength and percentage elongation at the same density
in both of its replacements, while the higher tin alloy
TS5 not only exhibits an increase in hardness but also
an appreciable increase in the other mechanical pro-
perties even after some reduction in the density. The
replacement of the standard 10 PB alloy TS6 produces
somewhat lighter alloys of less hardness and tensile
strength, but with marked increase in Izod impact value
and percentage elongation. A general appraisal of Table
XII indicates that the hardness has been achieved at
a reasonable level viz., between 55 and 85 B.H.N.,
the Izod impact strength ranges from 6 to 34 ft. lb,
the tensile strength lies between 11.5 and 21.5 tons; sq.
in., and the percentage elongation between 7 and 20%
with a slightly lower density than that of bearing
bronzes. The response to age-hardening of the replaced
alloys is drawn side by side with the respective standard
alloy in Fig. 16. The increment in hardness on keeping
the alloys progressively up to a temperature of 250'C
for six hours after solution treatment at 800 ' C is well
brought out by following the aging curves.
The alloys, TA3, TA5, TA7, TA8, TACO, TAIL,
TZI, TZ3, TZ4, TZ5, TZ7, TZ9 TZ10, and AZ1 to
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14 Effect "f =inc-replacrnr°ru on hardness, Lod, tensile and elongation of the zinc-replaced hearing alloys
AZ6, produced by replacement of tin fully by aluminium
and zinc in the commercial hearing bronzes, hold out
great promise a material, for the fabrication of bear-
ings for various engineering industries.
The micro- photograph , of some useful experimental
bearing alloys are shown in Figs . 17 and 18. The duplex
structure is clearl% i,ible after etching with to standard
solution of ferric chloride.
Summary
I a. The Alzen type of Cu-Zn-Al alloys investigated
showed a duplex micro-structure consisting of a
hard ternary eutectic of copper-alunminium-zinc
in it relatively soft matrix of zinc-aluminium.
They do not show any Izod impact strength. These
alloys may be used in bearing applications where
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impact loading is not of prime importance.
Ib. No improvement in [zod impact strength is ob-
tained by adding small amounts of tin, man-
ganese , nickel, chromium, iron, antimony and
inisch -metal to the 511 copper, 350 aluminium,
Cu-Zn-Al Alzen type alloy. Therefore, it falls
into the same category as the previous set of
alloys.
1c. The hardness of the Cu-Zn-Al 5% copper alloys
rises with increasing aluminium up to 60°(, alu-
minium upto 60° aluminium after which it is
found to decrease.
15 (a), (b), (c) Age hardening characteristics of linc- replaced
hearing alloys
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2. Addition of aluminium and aluminium - iron to
70 : 30 c brass does produce alloys having primary
requisites of hearing alloys. I n this connection,
the alloys 131, B3, B4 and B8, possessing re-
asonable hardness and toughness , are recom-
mended as hearing materials.
3. Among the zinc-base alloys, only alloys Z17 and
Z18 containing zinc from 89
- 95°,„ copper from
I to 5% and the balance aluminium, could be
utilised as bearing materials . These can be used
16(a), (b ), (c) Age hardening characterisPres 01 AI-Zn-replaced
alloys
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E-6 : Cu : Zn : Alien alloy
B-I Cu-base Cu : Zn : Al : Pb
B-8 5°c, Al, 20% Fe in 70 : 30 c Brass
Z- 18 Zn-base Cu Zn : Al alloy
E-18 : Cu : Zn : Al : Mn alloy
B-3 : Cu-base Cu : Zn : Al alloy
Z-17 : Zn-base Cu : Zn : Al Mn : Ni alloy
A-8 : Al-base Cu : Zn : Al alloy
17 Microphotographs of some of the bearing alloys etched in ferric-chloride x 100
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Wadia and P asad : The prop<rties of some substitute bear ing alloys
C- 14 : Cu-base Cu : Zn : Al alloy
Ta-5 : Al-Replaced Cal-Zn-Al-Pb alloy
Tz-I : Zn-Replaced Cu : Zn : Pb : P : Ni : Sn alloy
C-19 : Cu-base Cu : Zn : Al : Fe alloy
Ta-B : Al-Replaced Cu : At : Pb : P : Ni : Sn alloy
Tz-5 : Zn-Replaced Cu : Zn : Pb : P : Ni : Sn alloy
Az- I : AI-Zn-Replaced alloy Az-6 : AI-Zn-Replaced alloy
18 Micro-photographs of some of the bearing alloys etched in ferric-chloride x 100
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under conditions of continuous lubrication and
heat dissipation.
4. AS is the only aluminium - base alloy which could
possibly find a use as a hearing material.
5. The copper- base alloys which could be chosen
as bearing materials are C4. C7, C13. C17, CIS,
C20 and ('25. In their case the hardness level
6.
a bearing material, hitherto discussed, has been
found to he satisfactory for several of the alloys
investigated, as mentioned above. It is envisaged
to carry out wear and other service performance
tests to get a proper assessment of these mate-
rials as bearings in service raider varying condi-
tions of load and speed.
desired for a particular bearing set up is the
deciding factor. Refernces
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